SUMMARY
INTRODUCTION
Pulmonary embolism (PE) is a common and potentially fatal disease with a high mortality rate of 2-7%, even when treated with anticoagulation 1, 2 . It is difficult to determine the real number of patients who have PE in the emergency medicine department because there is no reliable way of identifying the missed cases.
In new guidelines for the diagnosis and treatment of acute PE, the European Society of Cardiology recently included computed tomography angiography (CTA) as the reference standard modality to be used following the initial clinical evaluation 3 .
Multidetector-row CT pulmonary angiography (CTPA) has become the first-line imaging technique in suspected acute PE 4, 5 . In addition CTPA has shown a fast and accurate PE diagnosis with a high negative predictive value 6 , many reports have shown the usefulness of helical CTA in the diagnosis of acute PE 7, 8 . The specific index (the CT obstruction index) that we propose to quantify the degree of arterial vascular obstruction in helical CT appears simple, reproducible and highly correlated to a previously described index with selective pulmonary angiography. The CT obstruction index could be used to grade the severity of PE and to monitor patients requiring an objective repetitive evaluation 9 .
The clinical diagnosis of PE can be difficult. Prior to the development and validation of more specific tests for PE, assessment of oxygenation and calculation of the Alveolar-arterial (A-a) oxygen gradient was often used to indicate the perceived risk for PE. The Alveolar-arterial (A-a) oxygen gradient was suggested many years ago as a simple test for PE, but it is still not used in daily practice. In the current population of patients found to have PE, the arterial blood gases and pulse oximetry do not reliably predict the presence or absence of PE 10 . Gas exchange abnormalities observed in patients with acute PE are related to the size of the emboli, the presence of underlying cardiopulmonary disease, the degree of obstruction and the time since embolisation 11 . Several studies have proposed that Alveolar-arterial (A-a) oxygen gradient has a linear correlation to the perfusion defect and is a sensitive indicator of resolved emboli (12) , but the relationship between the embolic burden of the clot and the Alveolar-arterial (A-a)
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The purpose of our study was to investigate the relationship between the pulmonary artery obstruction index (PAOI) assessed with helical CT and impairment in blood gases in patients with acute PE. We designed this study to investigate whether the quantification of acute PE using the PAOI, as proposed by Qanadli et al. 9 , correlates with the functional lung impairment of acute PE, and more specifically, with the Alveolararterial (A-a) oxygen gradient
MATERIAL AND METHODS

Settings
This retrospective single-centre observational study was conducted in the Tertiary Training and Research Hospital's Emergency Clinic, which has a mean annual admission of 108,000 patients. Patients who had been diagnosed with PE according to their chest CTA within a 6-month period were included in the study. The study was approved by the local ethics committee.
Assessment
Patients whose files had missing information and patients who had cardiopulmonary arrest and on whom resuscitation was performed were excluded from the study.
At the time of the presentation, the patients' Wells score was calculated according to their clinical symptoms. Patients with a Wells score of over 6 were prediagnosed as high probability and those with Wells score of over 2 were prediagnosed as moderate probability PE. Patients with high quantitative Ddimer blood levels were prediagnosed as PE and a chest CTA was performed. Complete blood count, biochemical profile, troponin I and D-dimer tests were performed; radial arterial blood gases with arterial puncture were obtained in the first hour of presentation at room temperature. Arterial blood gases, including arterial partial pressure of oxygen (PaO2), arterial partial pressure of carbon dioxide (PaCO2) and arterial oxygen saturation (SaO2), were measured on admission to the emergency department with the patient breathing room air. Furthermore, Alveolar-arterial (A-a) oxygen gradient was calculated according to the following formula: PAO2 -PaO2 gradient (mm Hg) = 150 -1.25 (PaCO2 -PaO2).
13
CT imaging protocol Based on our own experience with CTPA, the standard delay was increased from 4 to 7 s in order to provide sufficient contrast in the pulmonary arterial vasculature to simultaneously assess embolic vessel occlusion and sufficient iodine distribution in the lung parenchyma. One hundred millilitres of high-concentration contrast material (Iopromide, Ultravist 300, Bayer Schering Pharma, Berlin, Germany) were administered via an antecubital vein at a flow rate of 4 mL/s, followed by 50 mL of saline injected at the same flow rate. The imaging was begun using a bolustracking technique with a threshold of 100 HU in the pulmonary trunk, adding the above-mentioned delay of 7 seconds for the contrast medium arrival time. To reduce streak artefacts caused by dense contrast material in the superior vena cava, the imaging was performed in a caudocranial direction.
All
CTPA examinations were independently read by a radiologist.Clot burden scores were calculated retrospectively for all patients with positive CTPA examinations for PE.
The diagnosis of PE was made according to the presence of intraluminal filling defect in the main pulmonary artery, or the right and left pulmonary artery, at the lobar, segmental and if detection was possible, subsegmental levels on the CTPA scans. The PAOI was measured with the Qanadli score at the mediastinal window in the chest CTA for each patient.
The Qanadli score
The pulmonary arteries are subdivided into 10 segmental arteries in each lung (three in the upper lobe, two in the middle lobe and lingula and five in the lower lobe). The presence of an embolus in a segmental artery is scored as 1 point, and
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Cumhuriyet Medical Journal more proximal emboli are scored at a value equal to the number of segmental branches arising from the affected vessel. Each score is multiplied by 0, 1 or 2 according to the estimated degree of vascular occlusion (0=no obstruction; 1=partial occlusion; 2=complete occlusion). A subsegmental embolus is considered an embolus in the corresponding segmental artery with partial occlusion (scoring 1×1=1). The Qanadli score ranges from 0 (normal) to 40. The percentage value is then calculated as Σ(n×d)/40×100 [n=score of the embolus multiplied by the number of dependent segments (min=1; max=20); d=degree of obstruction (min=0, max=2)].
The patients were evaluated according to their clinical and CTA findings and grouped into the clinical categories of acute PE as follows: massive, submassive and non-massive embolism.The pulmonary artery pressure, ejection fraction and right ventricular diameter measurements in all the patients diagnosed with PE were recorded using transthoracic echocardiography (TTE). The lower extremity venous Doppler ultrasonography findings of all the patients were recorded from the hospital archives.
Statistics
The IBM SPSS Statistics Version 21.0 pocket programme was used for the statistical analyses. The quantitative variables were summarised with mean±standard deviation and median (minimum -maximum) values. The categorical variables were presented in numbers and percentages. The intergroup differences of quantitative variables were evaluated with the t test in independent groups when the statistical test hypotheses were fulfilled and with the Mann Whitney U test when the hypotheses were not fulfilled. The relationships between the quantitative variables were analysed using the Pearson correlation coefficient. A p-value of less than 0.05 was accepted as statistically significant.
RESULTS
One hundred and twenty-five patients who presented to the emergency department in a 6-month period and were diagnosed with PE according to CTA reports were included in the study. Of these 125 patients, 12 patients' files had missing data and those patients were excluded. The remaining 113 patients' were included in statistical analysis.
The demographic data, clinical characteristics and laboratory results of the patients are summarised in Tables 1  and 2 . The mean Alveolar-arterial (A-a) oxygen gradient level of all patients was found to be 49.090 (±15,82). When the patients'demographic data were compared with their Alveolar-arterial (A-a) oxygen gradient levels, no statistically significant difference was found between the Alveolar-arterial (Aa) oxygen gradient and age or gender (p=0.284; p=0.724).
Using the chest CTA findings of the patients with PE, the PAOI was measured by the radiology clinic. The mean PAOI was determined to be 34.027 (min:7.5, max:83.7).
When the relationship between the radiologically measured PAOI and the Alveolar-arterial (A-a) oxygen gradient were compared, an increase in the index was detected as the Alveolar-arterial (Aa) oxygen gradient level increased. The difference was found to be statistically significant (r=0.400; p<0.001; figure 1 ).
Echocardiography showed enlargement of the right chamber in 74 patients (65.4%). The pulmonary arterial pressure was over 35 in 31 patients (27,4%),while the mean pulmonary arterial pressure was determined to be 49.15 (min:25, max:100). No positive correlation was detected when the arterial-alveolar gradient and the echocardiographic pulmonary arterial pressure of the patients were compared (r=0.164; p=0.082). Deep venous thrombosis (DVT) was determined on lower extremity venous Doppler ultrasonography in 56 patients (49.55%).
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The Alveolar-arterial (A-a) oxygen gradient values of the patients with acute DVT compared to the patients without DVT were not statistically significantly different (p=0.487). 
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Figure 1. Correlation between the alveolar-arterial gradient and pulmonary artery obstruction index in pulmonary embolism
The evaluation of 113 patients with their clinical data and pulmonary arterial CT index showed non-massive embolism in 57 (50.5%), sub-massive embolism in 50 (44.2%) and massive embolism in 6 (5.3%) patients.
Thrombolytic treatment was given to 30 patients in the light of clinical, echocardiographic and chest CTA findings. They represented 26.54% of all patients. When the alveolar-arterial gradient values were compared, the patients who had thrombolytic treatment had higher values than the patients who had not been treated.However, the difference was found to be statistically non-significant (p=0.006; Figure 2 
305-314
CMJ
Cumhuriyet Medical Journal 
DISCUSSION
This retrospective observational study found a weak but positive correlation between the PAOI index and the Alveolar-arterial (A-a) oxygen gradient. Our study shows that consideration of the Alveolar-arterial (A-a) oxygen gradient increases the sensitivity of blood gas analysis in documented PE. Recent studies have shown that the degree of arterial obstruction in PE may be quantified by a specific CT index that appears reproducible and highly correlated to the previously described index with pulmonary angiography.
The introduction of CTPA has made it possible to image the pulmonary arterial tree faster with submillimetrecollimation, thereby improving the overall quality and increasing the sensitivity for isolated subsegmental PE (14) (15) . However, the interpretation of CTPA is mainly focussed on the presence or published absence of embolism and a rough estimation of its severity (massive, extensive or isolated). A few articles have confronted the challenge of quantifying pulmonary arterial tree obstructionby developing an obstruction index. 16, 17 In our study, the obstruction index of Qanadli et al. 9 was used due to the simplicity of applying it in routine clinical practice.
Cvitanic conducted the first systematic but small-scale analysis of the Alveolararterial (A-a) oxygen gradient in patients with acute PE who were breathing room air. In this study, increased Alveolararterial (A-a) oxygen gradient was the single most sensitive blood gas parameter in the patients studied, being present in 74 of the 78 patients (95%) 18 . One commonly held misconception, contrary to the evaluation of 768 patients participating in the multi-center PIOPED study,which found that between 25% and 35% of patients with confirmed PE had
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Cumhuriyet Medical Journal normal arterial blood gases, pulse oximetry and Alveolar-arterial (A-a) oxygen gradient 10 . A retrospective evaluation of 152 consecutive patients by Jones et al. supported the finding that the absence of an Alveolar-arterial (A-a) oxygen gradient with arterial blood gas results was insufficient to properly rule out PE. However, this study only evaluated the sensitivity of blood gas analysis in documented PE. Specificity, or the ability of an abnormal test to exclude other diseases, was not addressed.
Zafira and colleagues showed that the CT obstruction index used in this study demonstrated a strong correlation between the severity of arterial bed obstruction and the blood gas values in patients with acute PE and no underlying cardiopulmonary disease. The strongest correlation was observed between the index and Alveolar-arterial (A-a) oxygen gradient. Moreover, an obstruction index of greater than 50% of the arterial bed may be expected for PaCO2 of 30 mmHg or lower 19 . The results of that study revealed that the PAOI correlated significantly with all blood gas values. However, the strongest correlation was observed between the PAOI and Alveolar-arterial (A-a) oxygen gradient. In our study, we also found a statistically significantly higher Alveolar-arterial (Aa) oxygen gradient value in patients with massive embolism compared to patients without massive embolism, diagnosed according to the radiological thrombus load. In the literature, two small-scale studies have evaluated the relationship between the PAOI and short-term mortality. In one of these studies, Wu et al. 20 reported that patients with a pulmonary angiographic clot score of higher than 60% tended to die. These authors and van der Meer et al. 21 found the clot burden score proposed by Qanadli et al. 16 to be a significant predictor of death, with positive results on CTPA (p<0.002). However, no study has evaluated the relationship between the Alveolar-arterial (A-a) oxygen gradient and massive embolism. For patients who have been radiologically diagnosed with massive embolism and for whom thrombolytic treatment has been planned, a search for a noninvasive, reachable, bedside methods constitutes the basis of many studies.In our study there was massive embolism in six (5.3%) patients.
When the arterial-alveolar gradient values of patients who had thrombolytic treatment in accordance with clinical, echocardiographic and chest CTA findings were compared with the patients who had not undergone the treatment, their Alveolar-arterial (A-a) oxygen gradient values were found to be higher. However, the difference was found to be statistically non-significant. All these data show that testing the gradient values may be beneficial, as such testing is easy to perform and cost-effective. Moreover, it can be carried out at the bedside to determine which patients should be treated with thrombolytics.However, we think that further studies are needed to verify the accuracy of these data.
The limitations for this study were as follows: it was a retrospective, singlecentre study, which limited the number of cases; factors that can affect the Alveolar-arterial (A-a) oxygen gradient such as age and gender could not be standardised and there was no control group; and patients who had been resuscitated and probably had a massive embolism were excluded from the study. The Formula of the A-a (O2) was simplified from the original formula in this paper (150 -1.25 (PaCO2 -PaO2)). On the other hand Patm may be change Alveolar-arterial (A-a) oxygen gradient according to altitude. We have no information on baseline clinical data like associated comorbidities that can have elevated Alveolar-arterial (A-a) oxygen gradient. Because of the retrospective design, 12 patients had to be excluded due to incomplete files.The number of patients in the massive embolism group was small. In addition, because only patients with PE were included in the study, the CMJ Cumhuriyet Medical Journal negative predictive value of the gradient could not be measured.
Our study found a significant relationship between the PAOI, which determines the embolism load in PE, and the Alveolararterial (A-a) oxygen gradient. It was determined that the Alveolar-arterial (Aa) oxygen gradient increases proportionally with the degree of obstruction. The higher Alveolar-arterial (A-a) oxygen gradient values compared to other embolism cases in the massive embolism cases that were detected radiologically predict that the Alveolararterial (A-a) oxygen gradient may be used as a diagnostic tool in detecting the mortality rate in PE; however, further studies are needed to support our research.
